ABSTRACT The aim of this study was to compare the dynamic change of egg selenium (Se) deposition after sodium selenite (SS) or selenium-enriched yeast (SY) supplementation for 1, 3, 5, 7, 14, 21, 28, 56, and 84 d. A total of 576 32-wk-old Hy-Line Brown laying hens were randomly assigned to 3 groups (192 laying hens per group) with 6 replicates, and fed a basal diet (without Se supplementation) or basal diets with 0.3 mg/kg of Se from SS or 0.3 mg/kg of Se from SY, respectively. The results showed that the Se concentrations in the eggs from hens fed a SY-supplemented diet were significantly higher (P < 0.001) than those from hens fed a SS-supplemented diet or a basal diet after 3 d. And the Se concentrations in the eggs from hens fed a SS-supplemented diet were significantly higher (P < 0.001) than those from hens fed a basal diet after 14 d. There was a positive linear and quadratic correlation between Se concentrations in the eggs from hens fed a SY-supplemented diet (r 2 = 0.782, P < 0.001; r 2 = 0.837, P < 0.001) or SS-supplemented diet (r 2 = 0.355, P < 0.001; r 2 = 0.413, P < 0.001) and number of feeding days. The Se concentrations in the breasts from hens fed a SY-supplemented diet were 126.98% higher (P < 0.001) than those from hens fed a SS-supplemented diet, and were 299.44% higher (P < 0.001) than those from hens fed a basal diet after the 84-d feeding period. In conclusion, the dietary Se was gradually transferred into eggs with the extension of the experimental duration. The deposition rate of Se in the eggs from hens fed a SY-supplemented diet was much more rapid than that from hens fed a SSsupplemented diet, and the organic Se from SY had higher bioavailability as compared to inorganic Se from SS.
INTRODUCTION
The importance of selenium (Se) to human health has become a focus in recent years (Danielle and David, 2003) . Se is an essential trace element for human health with a large number of biological functions. The most important known action of Se is an integral part of several metabolic enzymes including the enzyme glutathione peroxidase and type I iodotyronine deiodinase (Berry et al., 1991) , which serves as an antioxidant enzyme that helps to control levels of hydrogen peroxide and lipid peroxides that are produced during normal metabolic activity (Rotruck et al., 1973) . In addition, dietary Se is essential for the activity of virtually all arms of the immune system (Surai, 2000) . It has become increasingly evident that Se has many potential health benefits beyond meeting basic nutritional requirements. Se deficiency in food can lead to Keshan disease, Kashin-Beck disease (The Research Group of Keshan Disease of Chinese Academy of Medical Sciences, 1979; Research Team of Environment and Endemic Diseases, 1986) , hypothyroidism, and weakened immunity system (Combs, 2000) in the elderly. Moreover, Se deficiency may contribute to cardiovascular disease (Yoshizawa et al., 2003) , cancer (Rayman, 2005) , asthma (Ho-mann, 2008) , diabetes (Faure, 2003) , and hypothyroidism (Reid and Territ, 1997) in humans. So, it is essentially important to supplement food with Se to prevent or cure Se-deficiency associated diseases.
Enhancing the Se concentration of carcass meat and eggs by appropriate Se supplementation of the animal diet can be an alternative or complementary approach. Thus, there are benefits from Se supplementation of animals, namely, to increase the Se concentration of a product (meat, milk, eggs, etc.) in a controlled manner to improve the Se status of humans. It is common practice in the poultry industry to supplement the diets of laying hens with Se. Traditionally, sodium selenite (SS) is the most common source of Se used in animal feeds, whereas organic forms, such as Se-enriched yeast (SY) and Se-methionine (SM), are also used in many countries (Federal Register, 2002; European Union, 2006; Ministry of Agriculture, 2008) . Although the Se 3102 concentration of the product is increased by inorganic or organic Se supplementation, there have been few studies comparing dynamic changes of egg Se deposition after organic or inorganic Se supplementation in hen diets. In order to provide theoretical bases for the application of Se in laying hens and to produce Se-enriched food, the egg Se concentrations were measured at 9 time points and the dynamic changes in egg Se deposition were compared over the 84-d feeding period after SS or SY supplementation.
MATERIALS AND METHODS

Study design
This trial was carried out at the Poultry Institute of the Chinese Academy of Agricultural Sciences. A total of 576 30-wk-old Hy-Line Brown laying hens were randomly assigned to 3 groups (192 laying hens per group) with 6 replicates of 32 birds each. Two birds were housed in individual 37 × 40-cm wire cages, providing 740 cm 2 per bird, under a 16:8-h light-dark cycle at a constant temperature of 20 ± 3
• C and 65 to 75% relative humidity. One cage was empty and a chipboard was inserted into the feeders between the different replicates to prevent hens in 1 replicate from eating the other's diet.
Birds, diet, and management
A corn soybean meal basal diet (Table 1) was formulated to meet the recommendations for laying hens of the National Research Council (1994) with regard to the requirements of all nutrients except Se. Dietary Se addition was based on calculated levels for each treatment. All birds were acclimated for 2 wk. At the end of week 32, the groups of birds were supplemented with the following diets: a low-Se diet without Se supplementation (basal diet), a basal diet plus 0.3 mg/kg of Se from SS (analytical grade, 1% Se content, Chelota Co., Ltd., Sichuan, China), or a basal diet plus 0.3 mg/kg of Se from SY (2000 mg/kg Se content, Angel Yeast Co., Ltd., Hubei, China).
Water and feed were provided ad libitum during the 84-d experiment. The experiment was conducted in the spring (from March to June). All animal handing protocols were approved by the Animal Care and Use Committee of the Poultry Institute.
Sample collection and analytical determination
Observations. Cage-side observations, which included recording any changes in clinical condition or behavior, were made at least twice daily throughout the study period.
Laying performance. Daily egg production and egg weight were monitored during the trial. The laying rate is expressed as the average hen-day production, calculated from the total number of eggs divided by the total number of days. Feed intake was recorded on a replicate basis at weekly intervals. The feed conversion is expressed as grams of feed consumed per grams of eggs produced.
Selenium assay. Twelve eggs per replicate from each treatment group (72 eggs per group) were randomly collected on days 1, 3, 5, 7, 14, 21, 28, 56, and 84 and stored until Se analysis. Each individual egg sample was weighed and broken. Three liquid eggs were homogenized with an electric blender under chilled conditions, collected into chilled 10-mL plastic tubes as 1 sample, and stored at −30
• C until determination of Se (4 samples/replicate). At the end of the experiment (day 84), 4 hens from each replicate were slaughtered at random. Samples of about 10 g of breast muscle from each hen were collected and stored at −30
• C until analysis. For each individual hen sample, an aliquot (2.0 g wet weight basis) of breast meat was weighed and homogenized by the same method as the liquid eggs. The Se deposition efficiency in whole eggs was calculated (daily egg Se deposition/daily Se intake × 100). All samples were marked with the treatment and replicate number, and sampling date.
All reagents used for egg preparation and Se determination were of analytical or higher grade. Se stock standard solution of SS [GBW(E)08,0215] and the 
Statistical analysis
All data were analyzed using SPSS statistical software (SPSS 16.0 for Windows; IBM-SPSS Inc., Chicago, IL, USA). One-way analysis of variance followed by Duncan's multiple comparison test was used to evaluate different mean values among treatments. Data were assumed to be statistically significant at P < 0.05.
RESULTS AND DISCUSSION
Actual Se level in diet of each treatment
The Se sources and levels supplemented in diets are shown in Table 2 . The actual Se levels were confirmed by analysis. The actual Se concentrations in the basal, 0.3 mg/kg SS, and 0.3 mg/kg SY diets were 0.146, 0.342, and 0.359 mg/kg, respectively. Hence, the results of the present study were not affected by differences between the actual and calculated Se levels.
Visual observations and laying performance
No treatment-related adverse clinical signs were observed. The mean laying rate, average egg weight, average daily egg mass, average daily feed intake, feed conversion, and mortality values are shown in Table 3 . No statistically significant differences were found among all laying performance parameters between the treatment and control groups (P = 0.643, 0.392, 0.324, 0.526, 0.559, and 0.290, respectively). Payne et al. (2005) also found that the laying rate, egg weight, feed intake, and feed conversion were not affected by a basal diet supplemented with 0 or 0.30 mg/kg of Se from SS or SY for 28 d. Pan et al. (2011) confirmed that laying performance was not affected by Se supplementation from Se-enriched probiotics. Similar results indicating there is no effect of organic or inorganic Se supplementation on laying performance were also reported by Cantor and Scott (1974) ; Utterback et al. (2005) , and Bennett and Cheng (2010) . On the one hand, the requirement for Se of laying hens ranges from 0.05 to 0.08 mg/kg depending on daily feed intake (NRC, 1994) . In the present study, the actual concentration of Se in the experimental diets had met the basic nutritional requirements. On the other hand, a reduced laying rate and feed intake are 2 signs of Se toxicity in laying hens. Arnold et al. (1973) and Ort and Latshaw (1978) found that the laying rate decreased when hens were fed a basal diet supplemented with 8 and 9 mg/kg SS, respectively. Cantor et al. (1984) also indicated that the upper limit before feed intake is decreased is 4 mg of SS per liter of drinking water, which is equivalent to 7 mg/kg of SS in the diet. Apparently, the actual concentration of Se in the experimental diets had not exceeded the toxic dose. Based on the results of this study and the aforementioned studies, it can be concluded that a basal diet supplemented with 0 or 0.30 mg/kg of Se from SS or SY was not expected to cause adverse effects following daily administration to laying hens for 84 d.
Egg Se concentration
The Se concentrations in the eggs were similar after SS or SY supplementation for 1 d (P > 0.05, Figure 1 ). The Se concentrations in the eggs from hens fed a SY-supplemented diet were significantly higher (P < 0.001) than those in eggs from hens fed a basal or SS-supplemented diet after 3 d. Also, the Se concentrations in the eggs from hens fed a SS-supplemented diet were significantly higher (P < 0.001) than those in eggs from hens fed a basal diet after 14 d. The Se deposition efficiency in whole eggs from hens fed a basal or SYsupplemented diet was significantly higher (P < 0.001) than those in eggs from hens fed a SS-supplemented diet after 1 and 3 d, respectively (Table 4 ). The Se deposition efficiency in whole eggs from hens fed a basal diet was significantly higher (P < 0.001) than those in eggs from hens fed a SY-supplemented diet at 1, 3, 5, 7, 14, 21, 28, and 56 d, but no significantly difference was found at 84 d between the 2 groups (P > 0.05). These results suggested that the deposition rate of Se in the eggs from hens fed a SY-supplemented diet was much more rapid than that from hens fed a SS-supplemented diet.
The Se concentrations in the eggs from hens fed a SYor SS-supplemented diet were significantly increased than those in eggs from hens fed a basal diet (P < 0.001). The Se concentrations in the eggs from hens fed a SY-supplemented diet were 28.18, 34.98, 45.35, 47.39, 67.53, 63.35, 65.71, and 68.02% higher (P < 0.001) than those in eggs from hens fed a SS-supplemented diet, which were 31. 34, 42.39, 61.50, 74.71, 100.22, 83.91,117.17 , and 151.17% higher (P < 0.001) than those in eggs from hens fed a basal diet at 3, 5, 7, 14, 21, 28, 56, and 84 d, respectively. The Se concentrations in the eggs from hens fed a SS-supplemented diet were 18.54, 19.62, 12.42, 31 .04, and 49.49% higher (P < 0.001) than those in eggs from hens fed a basal diet at 14, 21, 28, 56, and 84 d, respectively. These results indicated that the bioavailability of organic Se from SY was much higher than those of inorganic Se from SS. The results of this experiment were consistent with those reported by Payne et al. (2005) , Utterback et al. (2005) , and Pan et al. (2007) . Utterback et al. (2005) reported that the SY-supplemented diet resulted in 3.5-and 4.8-fold increase in egg Se concentration compared with 2.1-and 2.8-fold increase for the SS-supplemented diet over the basal diet at 28 and 56 d, respectively. Payne et al. (2005) reported that the eggs from hens fed a SY-supplemented diet had higher Se concentrations than those fed a SS-supplemented diet. Pan et al. (2007) also reported that the Se supplementation from either Se source could significantly increase the Se concentrations in eggs, and Se concentrations in eggs were significantly higher from hens fed a SY-supplemented diet than those from hens fed a SS-supplemented diet. Our results are also consistent with those reported by Cantor and Scott (1974) , Latshaw and Osman (1975) , Hassan (1990) , and Paton et al. (2002) . Moreover, dynamic changes of egg Se concentrations had been compared over the 84-d feeding period after SS or SY supplementation in this trial.
As shown in Figure 2 , there was a positive linear and quadratic correlation between Se concentrations in the eggs from hens fed a SY-supplemented diet (r 2 = 0.782, P < 0.001; r 2 = 0.837, P < 0.001) or SS-supplemented diet (r 2 = 0.355, P < 0.001; r 2 = 0.413, P < 0.001) and number of feeding days. However, there was a negative linear and positive quadratic correlation between Se concentrations in the eggs from hens fed a basal diet (r 2 = 0.270, P < 0.001; r 2 = 0.362, P < 0.001) and number of feeding days. The Se concentrations in the eggs from hens fed a SY-or SS-supplemented diet for 84 d were 95.77 and 17.25% higher (P < 0.001), whereas the Se concentrations in the eggs from hens fed a basal diet for 84 d were 18.57% lower (P < 0.001) than in eggs from hens fed the corresponding diets for 1 d, respectively. These results suggested that dietary Se was gradually transferred into eggs with the extension of the experimental duration.
The results of this experiment can be confirmed by the results of many studies. For example, Utterback et al. (2005) reported that the Se concentrations in the eggs from hens fed a basal diet decreased as the feeding period was increased. Pan et al. (2007) reported that the egg Se concentrations of different Se treatments on day 28 were significantly higher than those of corresponding treatments on days 14 and 21. Echevarria et al. (1988) also reported that the Se concentrations in tissues of sheep increased with time. Utterback et al. (2005) found that the Se concentrations in the eggs from hens fed a SY-or SS-supplemented diet for 28 or 56 d were significantly higher than the initial egg Se concentrations on day 0, but the Se concentrations in the eggs from hens fed a SS-or SY-supplemented diet at 56 d had not increased, as compared with those at 28 d.
The different absorption pathways might be a possible explanation for the different bioavailabilities and rates of product accumulation when the birds were fed a SY-or SS-supplemented diet. SY is predominantly composed of SM, which could be incorporated into eggs as effectively as methionine (Ochoa-Solano and Gitler, 1968; Beilstein and Whanger, 1986) . The organic Se sources, such as SM or SY, are actively absorbed and can be directly incorporated into protein, whereas inorganic Se sources, such as SS, are required for selenocysteine synthesis and passively absorbed by the body (Ochoa-Solano and Gitler, 1968; Latshaw and Biggert, 1981; Beilstein and Whanger, 1986) .
Breast Se concentration
The Se concentrations in the breasts from hens fed a SY-or SS-supplemented or basal diet for 84 d are presented in Figure 3 . The Se concentrations in the breasts from hens fed a SY-supplemented diet were 126.98% higher (P < 0.001) than those from hens fed a SS-supplemented diet and 299.44% higher (P < 0.001) than those from hens fed a basal diet at 84 d. The Se concentrations in the breasts from hens fed a SSsupplemented diet were 75.98% higher (P < 0.001) than those from hens fed a basal diet after the 84-d feeding period. Pan et al. (2007) reported that the addition of commercial SY or SS significantly increased Se concentrations in the liver, kidney, spleen, and cardiac and breast muscles of laying hens in comparison with the control, and SY supplementation increased Se concentrations in liver, spleen, and breast muscles of laying hens more than SS supplementation. Hassan (1990) reported that the addition of Se from barley caused a significant increase in tissue (liver, heart, and muscle) Se concentrations in hens in comparison with the control. Mahan and Kim (1996) reported that the higher Se level (0.3 mg/kg) increased the Se concentrations in progeny tissue (liver, loin, pancreas, and other muscles) and SY supplementation increased the Se concentration in tissue more than SS supplementation. In this experiment, the effect of organic or inorganic Se supplementation on Se concentrations in breast was similar to that of Se concentrations in eggs. The present study proved that the addition of SY or SS significantly increased Se concentrations in breast muscles of laying hens in comparison with the control, and the organic Se from SY had higher bioavailability and rates of product accumulation, as compared to inorganic Se from SS.
Based on the present study, a 60 to 65 g egg from hens fed a SY-supplemented diet for 84 d will provide approximately 34.26 to 37.12 μg of Se, which is about 67.94 to 67.96% higher than that from hens fed a SS-supplemented diet, and a 100-g portion of breast muscle from hens fed a SY-supplemented diet for 84 d will provide approximately 23.8 μg of Se, which is about 126.67% higher than that from hens fed a SSsupplemented diet. Obviously, the eggs and breast muscle produced from hens fed a SY-supplemented diet had higher Se concentrations than those from hens fed a SSsupplemented diet. According to the European Food Safety Authority in 2012, the maximal intake of Se for adults is 300 μg/d (European Food Safety Authority, 2012). According to the Referenced Dietary Nutrient Intake of Chinese published by the Nutrition Council of China in 2000, the adequate intake of Se for people >14 yr old is 50 μg/d and the maximal intakes for youths (14-18 yr old) and those >18 yr old are 360 and 400 μg/d, respectively (Nutrition Council of China, 2001) . Obviously, it is safe for healthy persons to consume 2 eggs per day or 1 egg and 100 g of breast muscle per day as produced in this study, which would not only provide enough Se for people >14 yr old, but also provide many potential health benefits.
In conclusion, our study findings revealed that the dietary Se was gradually transferred into eggs with the extension of the experimental duration. The deposition rate of Se in the eggs from hens fed a SY-supplemented diet was much more rapid than that from hens fed a SS-supplemented diet, and the organic Se from SY had higher bioavailability as compared to inorganic Se from SS. These results provide theoretical bases for the application of Se in laying hens and have important practical significance for humans, as the eggs and meat of laying hen are used as food.
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